Study design: Prospective, randomized and controlled study. Objectives: The aim of the study was to investigate the effect of low-frequency transcutaneous electrical nerve stimulation (LF-TENS) in the treatment of neuropathic pain in patients with spinal cord injury (SCI). Methods: A total of 33 SCI patients with neuropathic pain were included in the study. History, duration, localization and characteristics of pain were recorded. Visual analog scale (VAS) was used to investigate the effect of LF-TENS four times during the day. Patients were randomly assigned to study and control groups. The study group was treated with 30 min of LF-TENS daily for 10 days while the placebo group with 30 min of sham TENS. Results: The mean age of the patients was 36.55 ± 10.36 years. Out of 33 patients, 7 were tetraplegic and 26 were paraplegic. Twenty-three patients had complete SCI while 10 patients had incomplete injuries. Two groups were similar with respect to age, gender, duration, level and severity of injury. In the LF-TENS treatment group, a statistically significant reduction of the VAS values was observed, however, such an effect was not evident in the control group. Conclusion: This study revealed that in treatment of neuropathic pain of SCI patients, LF-TENS may be effective. Perspective: This article presents LF-TENS may effectively complement pharmacological treatment in patients with SCI and neuropathic pain.
INTRODUCTION
Unfortunately, pain is a common complication following spinal cord injury (SCI) with prevalence of 18 to 96%, and approximately 30% of these manifests as neuropathic pain. 1 One-third of these patients rate their pain as severe. Persistent pain following SCI interferes with important daily activities including sleep, and makes it difficult for patients to achieve an acceptable quality of life following their injury. 2 Neuropathic pain syndromes represent a group of highly heterogeneous clinical conditions. Such heterogeneity is apparent from the presentation of patients with various pain symptoms, including spontaneous pain, continuous pain, paroxysmal pain or evoked pain, which can be differentiated better with clinical examination. 3, 4 Leeds assessment of neuropathic symptoms and signs pain scale (LANSS) can be used for differentiation between neuropathic pain and nociceptive types of pain. The sensitivity and specificity of the Turkish version of LANSS was evaluated by Yucel et al. 4 SCI-related neuropathic pain is often difficult to relieve. [5] [6] [7] [8] A wide variety of treatments have been analyzed to manage neuropathic pain. Various pharmacologic treatments such as antidepressants, anticonvulsants, alpha-adrenergic agonists, opioids, local anesthetics and N-methyl-D-aspartate receptor antagonists have been used in stepwise progression. 5, 8, 9 As a result of the limited pain relief provided by pharmacological treatments or because of severity of the side effects experienced in patients with SCI and neuropathic pain with pharmacological treatments, non-pharmacological treatments such as physical therapy, relaxation, and acupuncture are also suggested. 6, 8, [10] [11] [12] Transcutaneous electrical nerve stimulation (TENS) is an inexpensive, noninvasive, self-administered technique that is used as an adjunct to medication. 13, 14 Treatments with TENS are rarely associated with negative side effects and have been reported to be effective in patients with neuropathic pain. 6, 8, 11, 12 Most studies have assessed the effect of either of high-or low-frequency TENS (LF-TENS). 6 Our aim is to investigate the effect of LF-TENS for the treatment of neuropathic pain in SCI patients in a case-control, single blind, prospective study.
MATERIALS AND METHODS
Patients older than 18 years took part; and patients suffering from pain other than neuropathic pain, urinary infections, heterotrophic ossification, pressure ulcer and severe spasticity were not included in the study. This study included 33 SCI inpatients with neuropathic pain at or below the level of cord injury.
Neuropathic pain was diagnosed by the examination of an experienced physiatrist and confirmed with a LANSS score of 12 and above.
All patients were examined and classified according to ASIA/IMSOP 2000 International Neurological Examination and Classification Standards. Patients' demographic characteristics, history, duration, localization and characteristics of pain were recorded.
All patients were prescribed to take 10 mg per day of amitriptyline at 2000 hours for at least 15 days for a stable effect, before treatment. We refrained from using any other medication for pain. Patients were then randomly assigned as study and control groups (Figure 1 ) Patients signed a written consent on their first visit. Enrolled patients were assessed and assigned to either LF-TENS or sham TENS stimulation according to the protocol (every other patient enrolled was assigned to start with LF-TENS).
All TENS applications were performed by the same physiatrist between 0800 and 1200 hours. Two electrodes were placed to the proximal and two to the distal parts of the region with neuropathic pain. We used two channels with four electrodes, which had 20 mm weight and 40 mm length. Electrodes were located separately. Patients in the study group were treated daily with LF-TENS (pulse frequency 4 Hz, pulse duration 200 ms and pulse amplitude 50 mA), whereas the placebo group were treated with sham TENS (electrodes placed, no stimulation ) for a duration of 30 min for 10 days. Both TENS appliances were turned on and counting down from 30 min. All patients had neuropathic pain at and below SCI level, so patients could not tell if stimulus was being given or not. Patients had not been instructed on how to change stimulation programs within the machine and we ensured they did not attempt to do this.
We wanted the patient to measure their pain severity with visual analog scale (VAS) four times a day (morning, noon, evening and night) on the first and the twelfth day of the study. The physiatrist who helped patients measuring VAS scores, did not know whether patients were in the TENS or sham TENS group. At the beginning VAS, values were used as a baseline measurement of pain. After, TENS and sham TENS were used for treatment for 10 days, Finally, second set of VAS values were recorded.
In addition to descriptive statistics, the Wilcoxon and Spearman correlation tests were used to evaluate the results of the groups, and the Mann-Whitney U-test was used for comparison of the two groups. Pr0.05 was accepted as statistically significant.
We certify that all applicable institutional and governmental regulations concerning the ethical use of human volunteers were respected during the course of this research. Also informed consent was obtained from each subject.
RESULTS
Thirty-three patients (24 men and 9 women) participated in the study. Patients' demographic characteristics are summarized in Table 1 . Mean age was 36.55±10.36 years.
There was no statistical difference between groups in terms of age and gender.
Seven patients were tetraplegic and 26 patients were paraplegic (Table 2) .
Average period after injury was 24.12 months (2-27 months) for the patients studied. Average time lapse between the injury and the development of pain was 5.02 months (0.03-48 months), and average pain duration was 19.10 months (1-170 months). Locations of neuropathic pain are seen in Table 3 . When locations and duration of pain, average time lapse between the injury and pain were compared, no statistically significant differences were observed between the groups.
Mean LANSS score was 16.94 (s.d.±2.55) with range 13-23.
On the first day, neuropathic pain mean VAS value was 5.79 ± 2.17 in the LF-TENS group and 5.64±1.81 in the sham TENS group. No significant difference was observed when the first-day VAS mean values of the two groups were compared (P ¼ 0.387). On the twelfth day (after 10 days of treatment), neuropathic pain mean VAS value was 3.88 ± 2.5 in the LF-TENS group and 6.77 ± 1.42 in the sham TENS group. After 10 days of treatment, a statistically significant difference was observed in mean VAS values (P ¼ 0.032; Figure 1 ).
In the TENS group, morning mean VAS value was 5.76±2.95 on the first day while 3.35 ± 2.62 on the twelfth day; noon mean VAS value was 5.65 ± 2.50 on the first day while 3.82 ± 2.68 on the twelfth day, evening mean VAS value was 5.88±1.93 on the first day while 3.94 ± 2.46 on the twelfth day; night mean VAS value was 5.88 ± 3.06 on the first day while 4.41 ± 2.76 on the twelfth day. A statistically significant reduction was observed between first-day and twelfth-day values, especially for the morning (P ¼ 0.001), noon (P ¼ 0.015) and evening evaluations (P ¼ 0.078). However, there was no statistically significant difference between first day's and twelfth day's night VAS values in TENS group (P ¼ 0.078; Figure 2) .
No side effects of LF-TENS were seen.
DISCUSSION
Nearly half of SCI patients are at risk of developing neuropathic pain. 6, 8 SCI-related neuropathic pain is often difficult to relieve. Incomplete injury (n, %) 10 4 6
Abbreviation: TENS, transcutaneous electrical nerve stimulation. Treatment with TENS is rarely associated with negative side effects and has been reported to be effective in patients with neuropathic pain. 6, 8 Most studies have assessed the effect of either high-frequency TENS or LF-TENS. 6, 8 But few case-control studies were done about neuropathic pain and TENS. We researched the effects of LF-TENS for the treatment of neuropathic pain in SCI patients in a case-control, prospective study. The results of this study revealed that LF-TENS reduced neuropathic pain intensity in the morning, noon and evening but not at night, in SCI patients. In the literature, 63.3% of patients with SCI pain had tried nonpharmacological treatment. TENS is one of the most tried nonpharmacological treatments. 15 Norrbrink et al. made a large, cohort survey study on the use of non-pharmacological treatments (such as acupuncture, TENS, massage, heat, physical therapy and manipulation), for treating all types of pain in SCI patients, with questionnaires. The study evaluated how many patients used or were still using non-pharmacological treatments, and how efficient they were. Norrbrink et al. assessed that non-pharmacological treatments were tried out by a large number of patients with SCI pain. Massage and heat were rated most effective for relief of pain. Treatment with acupuncture and TENS had a success rate each of 28%. 10, 15 Fenollosa et al. 16 devised a mixed 'step-by-step' approach, combining a pharmacological treatment and physical therapy by TENS. Thirty-three SCI patients with chronic pain were included in a four-phase study. The phase two (treatment with TENS) had the most significant improvement among the populations studied. 10 Norrbrink et al. 6 assessed the effects of high-frequency TENS and LF-TENS for neuropathic pain following SCI. Neither LF-TENS nor high-frequency TENS had a statistically significant effect on SCI patients with neuropathic pain, but they found a tendency for positive effect of TENS. The limitation of the study was the lack of a control group. In our study, we used sham TENS as the control group and LF-TENS for the treatment group. A statistically significant reduction was observed in VAS values when first-and twelfth-day values of the treatment group were compared.
Strömer et al. 17 reported that 86% of pain and dysesthesia were localized below the lesion of SCI, 8% of pain was localized in the transition zone and only 6% of pain was localized in the nonparalyzed part of the body. Our study included only patients with neuropathic pain at or below the level of injury. Therefore, patients could not sense whether or not electrical stimulation was being given. Further studies should be designed to evaluate treatment of neuropathic pain of SCI in other locations (for example, above the level of SCI).
Demirel et al. 18 demonstrated that chronic pain was more intense in the evening than in the morning and noon in SCI. In our previous study, we reported that neuropathic pain intensity was higher in the night than the morning, the noon and the evening. 19 So to investigate the effect of LF-TENS during day time, we used VAS four times daily, for the evaluation of pain severity, before and after treatment. Administration of LF-TENS reduced pain intensity in the morning, the noon and the evening but not at the night, although patients were using their medication at night.
Somers and Clemente 14 have also reported an animal study about the positive effects of TENS on neuropathic pain in rats.
When long-term effects of TENS were assessed in patients with chronic pain, positive results were found with respect to being able to resume work, home and social activities; increased activity level and pain management; and lower use of drugs and other treatments. 6 Unfortunately, we have not measured these effects of TENS, and we did not assess the effect of LF-TENS beyond 15 days.
Constraints of this study are low participant number and inability to study long-term effect of LF-TENS. However, it is still important as a placebo-controlled study. Determination of the effect of given treatment to pain severity in the different intervals of the day is another important aspect of this study. After this study, evaluation of day-time pain severity is an important issue in pain treatment. Further studies associated with different frequencies of TENS are needed.
CONCLUSIONS
Until treatment options for SCI-related neuropathic pain become adequate, all interventions that might help a patient should be considered. LF-TENS may effectively complement pharmacological treatment in patients with SCI and neuropathic pain.
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